It is well known that all anesthetics in clinical use more or less have an action of muscle relaxation.
As previously reported (1), spontaneous activities of human respiratory mus cles decrease as anesthesia is deepened and finally disappear except for the activity of the diaphragm. Spontaneous activities of muscles are, however, the final reflection of various mechanisms by which each anesthetic acts on the central and peripheral nervous systems. Therefore, it is assumed that there are differences in sites and in potency of ac tion on each synaptic level due to the specific characteristics of each anesthetic with regard to muscle relaxation. As for neuromuscular transmission, several authors reported the depressant action of anesthetic gases (2) ; and others (3-5) described their effects on spinal reflexes.
In the above reports, however, the action of the anesthetics was focused upon only one phenomenon, namely neuromuscular transmission or spinal reflexes.
In the present study on the cat the differential effects of anesthetics on neuromuscular transmission, the gamma motor system, spinal reflexes and the pathway from the central nervous system to muscle were examined simultaneously in order to detect differences in their sites and potency of action.
METHODS
Sixty-five cats, weighing from 2.0-4.5 kg, were used. They were anesthetized with ether or with an intraperitoneal injection of 40 mg/kg of thiopental. Under anesthesia an intra-tracheal tube was inserted through tracheotomied orifice and connected to an Akoma animal respirator for adequate ventilation. The hips, knees and ankles were rigidly fixed bilaterally with a stereotaxic apparatus. Body temperature was maintained as constant as possible (37.0-38.5°C).
In order to avoid infection caused by surgical wounds and long lasting measurements, 25 mg/kg of procaine penicillin was injected intramuscularly. The sciatic nerve on one side was isolated and ligated; supramaximal stimuli were applied to the nerve peripherally with bipolar silver electrodes. Stimulating currents of 0.5 millisecond duration, 1.5-7 volts intensity and 0 .3 cycle per second frequency were obtained from a Nihonkohden Model MSE-3 stimulator . Isometric twitch potentials of the gastrocnemius-soleus or the tibialis anticus muscles were picked up with silver needle electrodes; the distance between the two recording electrodes were 1 .0-1.5 cm.
For the measurements of spinal reflexes a laminectomy was performed from the Th12 to the S1 level. The spinal cord was transected above L1 and below S1 to eliminate influ ences from the central nervous system and from the region of the tail, respectively . Either L7 or S1 dorsal and ventral roots were cut ipsilaterally. Supramaximal stimuli , 2.0-6.0 V of 0.3 cycle per second frequency were delivered to the dorsal root by another stimulator unit and action potentials of the ventral root of the same segment were recorded . The spinal cord was covered with liquid paraffin and kept warm by radiant heat .
For the observation of single fiber firings from ventral roots or dorsal roots , both legs were denervated except for the gastrocnemius-soleus of the tested side . When it was neces sary to keep the gamma loop intact, a few filaments of L, dorsal roots and of S 1 ventral roots were severed and split with fine forceps. If a pause in the steady state discharge of a fiber occurred during muscle contraction, elicited by electrical stimulation of the muscle nerves, such a pause was considered to designate a muscle spindle afferent (Group l a).
If an increase in discharge was observed during contraction and stretch , the responsible fiber was then considered to be a tendon organ afferent (Group 1,) (6) . To differentiate Group 1 from Group 2 fiber, conduction velocities were tested (6 , 7). The central nervous structures mainly stimulated were the contralateral motor area and the ipsilateral mesen cephalic reticular formation. These were stimulated through bipolar stainless electrodes introduced by means of a manipulator fixed on the stereotaxic apparatus . The site of stimulation in the mesencephalic reticular formation was determined by its general activa tion in the electroencephalogram with widening of the pupils during the stimulation and later identified histologically. Stimuli employed were 50-300 cycle per second in frequency and 0.1-2 millisecond in duration. All measurements were made at least six hours after the injection of thiopental and two hours after the discontinuation of ether, introduced by the general anesthetic machine with semi-closed system . Halothane was vaporized through Fluotec, methoxyflurane through Pentec, and ether through copper kettle . Anesthetics tested in this study were halothane, methoxyflurane, and ether. The general condition of the animals was monitored by electrocardiogram, electroencephalogram, and arterial pressure throughout the whole experimental procedure. it in all cases. Methoxyflurane also decreased the twitch potential amplitude, but not as markedly as ether. Spinal reflexes were decreased markedly before a significant change in twitch potential height was noted, even with ether and methoxyflurane. Both monosy naptic and polysynaptic reflexes were significantly decreased by all anesthetics tested with out the initial increase (Fig. 2) . Inhalation of 4% halothane for six minutes, 1.5% metho xyflurane for eight minutes, and 15% ether for ten minutes abolished the monosynaptic reflexes almost completely, sometimes leaving a few traces of polysynaptic reflexes. 2. Ventral root records As Granit et al. (8) reported, a sufficiently intense stimulation of the contralateral motor cortex evoked the recruiting response to gamma efferents, and finally initiated the firing of alpha fibers in the unanesthetized state as illustrated in Fig. 3 -A. Administration of 3% halothane decreased the spontaneous firing of gamma fibers but not as much as metho xyflurane and ether (Fig. 3-B) . Furthermore, the facilitatory effect of stimulation of the contralateral motor cortex upon gamma fiber activities was found even ten minutes after the inhalation of 1.5% halothane in 11 cases out of 15. Spontaneous discharges of gamma fibers were decreased and activation of gamma fibers by stimulation of the contralateral motor cortex was deeply inhibited at ten minutes after the inhalation of 0.5% methoxyflurane or 10% ether (Fig. 3-C) . A significant initial increase in gamma fiber firing was observed in most cases of ether anesthesia (13 cases out of 15). Fig. 4 -A shows the firing of two single muscle spindle afferents from the gastrocne mius-soleus split from the L, dorsal root, leaving the ventral root intact in the unanesthetized state. Ipsilateral midbrain tegmentum (midbrain reticular formation) stimulation caused facilitatory effects upon the two tested single muscle spindle afferents in the unanesthetized steady state. Changes in spontaneous activity and in the evoked responses of a muscle spindle afferent by the stimulation of midbrain reticular formation under wakefulness and anesthesia are illustrated in Fig. 5 . The increased activity elicited by stimulation of the midbrain reticular formation was not seen 15 minutes after induction with each inhalation anesthetic tested. Ether initially increased the frequency of spontaneous muscle spindle afferent discharges in most cases (14/16) and later decreased it. Methoxyflurane had a great depressant effect upon spontaneous discharges of muscle spindle afferents. Halo thane also decreased the firing of muscle spindle afferents, but not as significantly as metho xyflurane and the deep stage of ether (Fig. 5) . In deep anesthesia the increase in muscle spindle afferent discharges evoked by mechanical stretch of the gastrocnemius-soleus was revealed only in halothane anesthesia (Fig. 4-B 
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DISCUSSION
Although effects of anesthetics upon motor nerves or upon muscle fibers are not dealt with, previous investigations indicate that there is no change in the action potential of motor nerves themselves or the twitch potential of muscles by direct stimulation, at least during surgical depths of anesthesia (9-11). There are many reports concerning the peripheral action of anesthetics, particularly of ether, because of its significant effect upon neuromus cular transmission (9, 10, 12) . It has been known that the magnitude of contraction due to indirect stimulation was sometimes reduced during ether anesthesia, and the pronounced peripheral action of ether has been focused on its "curare-like" action (12) . A somewhat different mechanism of action of ether and curare in the motor endplate, was indicated by Naess (11) . \Vatland et al. also investigated the periph°r'1 action of ether, as well as that of cyclopropane and halothane (13) . The review of the literature concerning the peripheral action of anesthetics shows that ether has profound action on neuromuscular transmission at the surgical depth of anesthesia. On the other hand, the muscle relaxation produced by cyclopropane and halothanc is not due to peripheral action but rather to a central effect. The slight initial increase of the electrical twitch height by ether in this experiment agrees with the results obtained by Watland et al. Although Muto (14) reported that the increase in muscle tone during the light stage of ether anesthesia should be ascribed to the facilitatory action upon the gamma motor system, it is apparent from the results of the present study that the stimulant effect of ether upon neuromuscular transmission also plays a role. How ever, the question of whether the initial stimulant effects by ether upon neuromuscular transmission are mediated directly by the anesthetics themselves or indirectly through the catecholamines released by anesthesia, needs further analysis, since catecholamines also enhance the neuromuscular traits nij,ioA in a certain state (15) . The significant depressive effect of ether upon neuromuscular transmission was re-established in this paper even for surgical depth of anesthesia. Our results that halothane produced no demonstrable de pression of muscle twitch potentials reconfirm those of Watland et al. in rabbits and Ngai in cats. The minimum effect of halothane on neuromuscular transmission was also demon strated by Inamoto in rabbits in our laboratory (16) . Three per cent methoxyflurane also had the depressive effect upon twitch potentials of the gastrocnemius at 10 minutes after the inhalation. The depressant effect of methoxyflurane upon M waves in evoked EMG, however, was slight in man during surgical depth of anesthesia according to our former experiment (17) . It appears, however, from these results that methoxyflurane also has a depressive effect upon neuromuscular transmission during surgical depths of anesthesia, but the effect is slight as compared with ether.
Since Leksell's (18) well designed researchs on gamma motor action, and Granit and Kaada's subsequent work (8) of the influence of central nervous structures on muscle spindles, the significant role of the gamma motor system in understanding muscle tone has been de monstrated by many workers (20) . However, very little work has been done on the effect of anesthetic agents on the gamma motor system. Muto (14) attributed the increase in muscle tone during light stage of ether anesthesia to activation of the descending diffuse activating system (6). As previously mentioned, an increase in muscle tone is observed clinically during the light state of ether anesthesia, in spite of the known depression of spinal reflexes by ether. This appears to be produced by the effect of ether not only upon the gamma motor system, but also upon the neuromuscular junction. In addition to this, the facilitatory effects of anesthetics upon the gamma motor system should be evaluated by dividing it into a spinal or supraspinal level and a peripheral level, i.e. the gamma loop.
The evidence for this is the observed deviation between the spontaneous activity of gamma motor nerves and spindle afferents, although these showed the same trend in res ponse to anesthetics. This deviation must be attributable to differences in the effects of anesthetics upon spinal or supraspinal nervous structures which also influence the gamma motor nerves and the gamma loop. The latter action involves the end plate of intrafusal muscle fibers (20) . Although observations on transmission at the endplate of intrafusal muscle fibers were not carried out in this experiment, some differences in the activities of muscle spindle afferents in response to anesthetic agents and gamma motor fibers suggest a considerable effect of anesthetics upon the neuromuscular junction of both extra-and intrafusal muscle fibers. Interconnections between the pyramidal system or extrapyramidal system and the gamma motor nerves are thought to exist (19, 20) . The disappearance of the facilitatory effect of stimulation of both these structures upon gamma motor fiber firings during the deep stages induced by all anesthetics tested, must be attributed to blockade of the pathways between the pyramidal and extrapyramidal systems and the gamma motor neurons. 
